A sensitive spectrometric method for the direct determination of trace amounts of Hg(II) in biological and environmental samples is reported. The interaction in solution between Hg(II) and Ν,Ν-disubstituted thioamides was studied. In the presence of Ν,Ν-disubstituted thioamides: thiobenzpiperidide (Rl), ο -hydroxy -thiobenzpiperidide (R2) and ο -methoxy -thiobenzpiperidide (R3) Hg(II) forms a stable complex. The absorbance is linear up to 5 mg.L" 1 Hg(II) in solution and the detection limits are 0.283 mg.L" 1 for Rl, 0.028 mg.L" 1 for R2 and 0.470 mg.L' 1 for R3. The method is practically free of interference and was applied to the determination of trace amount of mercury in surface water and urine samples.
INTRODUCTION
Mercury and its compounds are hazardous as the poison is cumulative and its toxic effects are severe. The silver -mercury amalgam for filling teeth may be a source of cumulative poisoning to the human body and mercuric ion can inhibit enzymes containing sulfhydril groups. Mercury constitutes a serious environmental pollutant hence there is need for the determination of trace levels. The graphite furnance spectrometry or inductively coupled plasma/mass spectrometry are the most widely used technique for the determination of mercury. However, spectrometric methods are versatile and economical particulary for developing countries.
In recent years studies on the structure -activity relationship of the N,N disubstituted thioamides constitute a continuos growing area of interest. For instance, in peptide chemistry replacement of an amide bond by a thioamide linkage might endow greater resistance to the degradation by endogenous enzymes 1 "'. Thioamides are extensively used in human and veterinary practice for treatment of different bacterial infections [4] [5] . Such behavior has stimulated interest in the coordination chemistry of these compounds. Chelating agents having a structure based on N,N disubstituted thioamides are used for the determination of trace level of elements in biological and environmental samples 6 " 8 . Based on these observations this paper reports a new spectrometric method for the determination of trace level of Hg(II) with N,N disubstituted thioamides without extraction. This method offers the advantage of simplicity, rapidity, high sensitivity and direct determination of Hg(II) without separation. Synthesis and characterisation of the reagents are described in the previous papers 9 "". The formulas of the reagents are shown in figure 1. 
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MATERIALS AND METHODS
Chemicals andapparatus
All chemicals used were analytical reagent grade. A doubly distilled water was used. All reagents, other than organic reagents were purchased from Merck. Stock aqueous solution of Hg(II) 0.001 mol.L" 1 was prepared using HgCl 2 . The working solutions (5.10^ mol.L" 1 ) were prepared by dilution just before use. Aqueous solution of Hg(N0 3 ) 2 0.001 mol.L" 1 was obtained by dissolving the required quantity of Hg(N0 3 ) 2 in a small volume of nitric acid followed by dilution with distilled water. The solutions of organic reagents: thiobenzpiperidide (Rl), ο -hydroxy -thiobenzpiperidide (R2) and ο -methoxy -thiobenzpiperidide (R3) each 0.001 mol.L" 1 in ethanol 95% were obtained from the pure organic reagents. Aqueous solution of NaCl 0.010 mol.L" 1 and aqueous solution of different cations 0.010 mol.L" 1 were obtained by dissolving the appropriate substance in distilled water.
The absorption spectra were recorded on a Jasco V 530 spectrometer (Japan), with 1,00 cm quartz cells. An IBM compatible computer was employed also for the statistical analysis.
Procedure
The solutions to be studied were prepared in 25 mL volumetric flask. Exactly measured volumes of Hg(II) and organic reagent solutions were introduced in the flasks and they were filled up to the mark with ethanol. Absorbance of each solution was measured against a corresponding blank similarly prepared.
The mole ratio method was employed for the determination of the stoichiometry. In this method the Hg(II) concentration is held constant while the concentration of organic reagent is increased in a regular way. The absorbance at 254 nm, 257 nm and 255 nm for the Rl, R2 and R3 respectively is plotted versus the ratio of moles of reagent/mole Hg(II) in the complex. In the method of continous variation it was the sum of the molar concentration of Hg(II) and organic reagent that was kept constant while the ratio is continuously varied by small increments. The both methods were used for the determination of the stoichiometry of the most stable complex formed between Hg(II) and the organic reagent.
RESULTS AND DISCUSSION
The influence of wavelength, amount of organic reagent and concentration of Hg(II) on the absorbance was studied in order to establish the optimal working conditions for the quantitative determination of Hg(II). The geometry of each complex was predicted and the stability constant determined.
Influence of the wavelength
The characteristics of the spectrum recorded for each solution containing Hg(II) and organic reagent are presented in Table I . A chemical interaction between Hg(II) and organic reagent has occurred. Due to the fact that each organic reagent absorbs little at the maximum complex wavelength, all further measurements have been performed versus a corresponding blank. 
Stoichiometry of the complex
The effect of reagent concentration was examined by measuring the absorbance of the solution containing a known concentration of Hg(II) and different amounts of organic reagent. The spectrometric titration using a constant amount of organic reagent and variable concentration of Hg(II) was also employed in order to establish the stoichiometry of each complex. The results obtained in the study of chemical interaction between Hg(II) and Rl indicate the formation of two complexes Hg(II) : Rl = 1:1 and Hg(II) : Rl = 1 : 2. The determined stoichiometrics show that the reagent Rl forms with Hg(II) a monomeric complex (Rl).HgCl 2 and a dimeric complex (Rl) 2 .(HgCl 2 ) 2 , too. The similar behavior was observed for the solutions containing Hg(II) and R3 studied in the same way. The Hg(II) forms with R2 only a 1 : 2 stable complex. The stoichiometric ratio of the species formed in solution was determined also using continuous variation method. In a large excess of organic reagent only the complex with the stoichiometry 1: 2 between the Hg(II) and the reagent is formed in the case of Rl and R3. These results obtained are in agreement with the structure of each the organic reagent.
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Vol. 25, No. 3, 2002 Geometry of the complexes Mercury, Hg(II), forms 1 : 2 stoichiometric complexes with organic reagents having N, C, S, P, As and Ο atoms like donors. The geometry of such complexes is linear 12 . The calculations were made using the software for molecular modeling CS Chem 3D Pro. The empirical calculation performed for each reagent show that it is no significant difference between the partial charge on the S atom. The results obtained using the Extended Hückel algorithm are shown in Table II . The value obtained for S atom in dithizone is summarized too for a better comparison. There is no significant difference for all S atoms considered. Generally the greater the magnitude of the partial charge on an atom, the more likely it is to form bond with other atoms whose partial charge is the opposite sign.
All the reagents studied are able to form with Hg(II) a stable complex having a linear geometry. The stability constant
The stability constant of each complex was calculated from the data obtained using the Job method: a series of solutions containing a fixed total number of moles of Hg(II) and organic reagent, but in which the ratio Hg(II)/organic reagent is sistematically varied from large to small. For each reagent three series of nonisomolar solutions of reagent and mercury were used. The experimental conditions for the calculation and evaluation of the stability constant of the complex formed between Hg(II) and organic reagent are favorable to the formation of the most stable complex with a 1 : 2 molar ratio between Hg(II) and organic reagent for all the studied compounds. The formation of this compound is complete at the inflection point corresponding to the stoichiometric ratio. The average values of the stability constant are: 1.90 χ 10 5 for Rl, 7.36 χ 10 5 for R2 and 3.17 χ 10 5 for R3. The values of stability constant obtained at 20 ± 2°C show a very stable complex in all the cases, for the corresponding stoichiometry.
Calibration, limit of detection and precision
The absorbances for the solution containing mercury and a large excees of the reagent (up to 6-fold excess over Hg(II) concentration) were measured at 254 nm for Rl, 257 nm for R2 and 255 nm for R3. As all the measurements performed were made in excess of the organic reagent (5 mL solution of organic reagent 0.001 mol.L"') the only the complex with 1 : 2 molar ratio between Hg(ll) and organic reagent was formed in solution.
The calibration curve was prepared by ploting the concentration against the absorbance of the solution. The relative standard deviation for 10 replicate determination of 0.5 mg.L" 1 of Hg(II) was: 1.81% for Rl, 1.54% for R2 and 1.96% for R3.
Interferences
The effect of potential interfering ions on the determination of mercury (III) was investigated by adding known concentrations of each ion to a solution containing 0.5 mg.L" 1 of mercury.
No interference of Ag(I), Pb(II), Cu(II), Cd(II) Co(II) Zn(II) ions was observed in sample in which the concentration of such ions are the same or little reported at the mercury concentration. The tolerance limit for these ions were 30-fold molar excess at a Hg(II) concentration of 0.5 mg.L"
1 . The ions Fe(III) and Ni(II) interfere only at the same or greater concentration reported at the mercury concentration. The interference of these ions was eliminated using EDTA as masking agent.. The addition of up to 100-fold EDTA excess over Hg(II) concentration did not affect the reaction.
Influence of the chloride ions
In order to establish the influence of chloride ions on the complex formation a solution of Hg(N0 3 ) 2 10" 3 mol.l" 1 was used. The spectra recorded in the same conditions like those described in "Influence of the Wavelength" show that even in the absence of chloride ions the complex between Hg(II) and corresponding
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organic reagent is formed. In Table III are summarized the characteristics of the absorption spectra of the solution containing Hg(N0 3 ) 2 and each organic reagent studied. The direct spectrometric determination of mercury using the proposed organic reagents is possible in the urine samples that are usually treated with nitric acid.
Determination of Hg(Il) in synthetic and real samples
The spectrometric method was tested on synthetic solution containing known amounts of Hg(II). The results obtained are presented in Table IV and show a good agreement between the amounts present in the sample and those determined.
The method was applied to the determination of Hg(II) urine and surface water samples. The results presented in Table V show a good agreement between the values determined by the proposed method and the consecrated method. 
Conclusion
A rapid, reliable and inexpensive method for the determination of Hg(II) with N,N disubstituted thioamides was elaborate. In a 6-fold excess over Hg(Il) concentration the organic reagents form with Hg(II) only the 1 : 2 stable complex. On this basis a spectrometric method for quantitative determination of traces of Hg(II) was elaborated.
The method is simple with a detection limit 0.283 mg.L"' for Rl, 0.028 mg.L" 1 for R2 and 0.470 mg.L" ' for R3. This method has a sensitivity lower than the consecrated extractive spectrometric method 13 and it has the great advantage that permits the direct determination of Hg(II) in aqueous sample without separation. The method is practically free of interference (the ions Fe(III) and Ni(II) could be removed by masking with EDTA).
